Abstract
Introduction
Sugarcane is among the most valuable crops of Pakistan. It is a source of raw material for entire sugar industry. At present, the sugar industry is second largest agro-based industry in Pakistan. Production efficiency has become an important determinant for the future of this industry in Pakistan due to declining competitiveness of the domestic sugar industry because of increasing imports, and high costs of production. The Development and adoption of new production technologies can improve productive efficiency. But at present it is difficult due to limited income and credit to the out growers. Therefore, this industry can improve the efficiency of its operations using currently available technology.
Measures of productivity, its growth and sources for the sugar industry of Pakistan play a significant role for policy development. Productivity growth can be decomposed into three components: technical change, scale effects, and changes in the degree of technical efficiency (Coelli et al 2005) . Technical change means progress in technology not only physically in the form of improved machinery but also innovations in the knowledge base. Regarding scale effects, it relate to economies in production. If there exist increasing economies of scale it indicates that the production of additional outputs will require a less than proportional increase in inputs. Improvements in the degree of technical efficiency arise from situations where resources can be used more efficiently by applying practices from the present stock of knowledge.
The most comprehensive measure of aggregate or sectoral productivity is Total Factor Productivity (TFP). However, given the paucity of good data, this area of research has remained quite limited in Pakistan (Ali, 2004) . There are some studies on manufacturing sector of Pakistan which include Raheman et. al. (2008) , where total factor productivity and its components are estimated using Malmquist Productivity growth index for major manufacturing industries of Pakistan using aggregate firm level financial data but sugar industry is not among the industries analyzed. The results of the study highlighted the role of efficiency change in the TFP growth while deficiencies in terms of technological progress. The efficiency of the large scale manufacturing sector of Pakistan was examined by Mahmood et. al. (2007) using the stochastic production frontier approach for periods 1995-96 and 2000-01 . The results of this study showed that there was some improvement in the efficiency of the large scale manufacturing sector, although the magnitude was small. The results were mixed at the disaggregated level, whereas a majority of industries had gained in terms of technical efficiency and some industries were also weaker in terms of their efficiency level. , Afzal (2006) also estimated total factor productivity for the large scale manufacturing sector from 1975 to 2001 using three different approaches. Overall results showed that productivity was affected by many factors like labor, capital, Gross National Product and per capita income. Further, different economic models were applicable and predictable to the data of large scale manufacturing sector of Pakistan and macroeconomic policies might help in improving productivity of large scale manufacturing sector. Burki and Khan (2005) analyzed the implications of allocative efficiency on resource allocation and energy substitutability for large scale manufacturing. There are no reported productivity efficiency studies for the sugar industry in Pakistan This study attempts to fill this gap by estimating firm level efficiency and total factor productivity growth and its components for a sample of twenty sugar firms in the sugar industry and to assess the variations in TFP growth between firms and over Time. The TFP growth is estimated for the period 1998 to 2007 using improved ideas of output and inputs measures. This study, therefore, would provide a fresh perspective on the growth of TFP in sugar sector for use in developing appropriate policy responses towards this sector of Pakistan's economy.
There are several techniques available, parametric and non-parametric, to estimate total factor productivity. The most widely used example of a non-parametric technique is DEA (Coelli, 1995; Seiford, 1996) . Parametric techniques encompass stochastic frontier techniques and Bayesian methods (Kalirajan and Shand 1999) . In this paper we employ DEA to estimate Malmquist TFP indices from panel data set. The reason for the choice of DEA as the method of estimation is that the methodology has been employed widely to conduct benchmarking analysis (for example, see Jaforullah and Whiteman 1999) . Most of the existing studies that employs panel data for estimation of efficiency and productivity change reports estimates for the entire data period, while in the present study our focus is on the annual estimates because we wish to examine how productivity changes through time at the firm level.
The basic objective of this paper is to use the data envelopment analysis as a tool for the measurement of total factor productivity growth for sugar industry and sugar firms. The objective is also to decompose TFP growth into technical change, technical efficiency change and scale efficiency change for understanding the source of productivity for Pakistani sugar firms listed at Karachi Stock Exchange. This decomposition enables policymakers to trace lagging productivity to particular factors. For example, if slowing technical progress causes declining TFP growth, the production frontier can be shifted upward through investment in research and development (R&D); if slow productivity growth is traced primarily to deteriorating technical efficiency (TE), learning-by-doing processes and managerial practices can be targeted for this purpose; if there will be benefits from SE, production scales should be adjusted toward optimum values. The specific objective of the study is to consider implications for policy and strategies for improving sugar firm's production efficiency. Policymakers can recommend policies that improve the productivity of firms only if they understand the sources of variation in productivity growth.
Studies on Productivity growth at the country level are usually based on the overall or aggregate data; therefore, results of those studies are average of the overall economy which comprises of different sectors. Hence contribution in each country's productivity has different proportion of sectors. This study uses financial data of sugar firms extracted from annual reports obtained from different sources. This data allows examination of the TFP performance of individual firms, which was not previously done.
The structure of this article is as follows. In the following section, an overview of sugar industry of Pakistan is presented followed by the third section which describes the data used in the analysis and methodology opted for analysis including discussion of input and output variables. Then the results of our Malmquist TFP estimates are presented. In the final section we discuss the results presented and provide conclusions
Overview of Sugar Industry of Pakistan
Sugarcane is an important industrial and cash crop in Pakistan. Pakistan is an important sugarcane producing country and is ranked fifth in terms of area under sugar cultivation, 60th in yield and 15th in sugar production. Sugarcane is grown on over a million hectares and provides the raw material for Pakistan's 84 sugar mills which comprise the country's second largest agro-industry after textiles. The sugar sector constitutes 4.2% of manufacturing. In size, the sugar sector matches the cement sector. Sugar industry has an indirect socio-economic impact in overall terms which is significantly larger than its direct contribution to GDP because of it's backward (sugarcane growers) and forward linkages (food processors) in the economy.
The sugar cane yield for some important countries of the world is given in the following The area under cultivation has increased more rapidly than any other major crops. The Table 2 presents the area production and yield during period 1997-98 to 2007-08. million tons, which is less than the target production. According to a rough estimate, the country will need approximately 5.5 million tons of sugar to meet the local demand by year 2020. It will require about 1.5 million hectares of area under cultivation which is at present about 1 hector. The per capita sugar consumption is around 25kg per year which is highest in the developing countries. The demand of sugar will increase in the coming years at the rate of about 2.3% because of growth in the population which is about 2.3%. 
Methodology
Total factor productivity growth and its sources are estimated using Data Envelopment Analysis approach. Malmquist productivity growth indices are calculated for twenty sugar firms and also for sugar industry. The Malmquist Productivity Index also includes the sources of productivity growth for these firms.
Malmquist TFP Index
The Data Envelopment Analysis (DEA) methodology was initiated by Charnes et al. (1978) who built on the frontier concept started by Farell (1957) . The methodology used in this paper is based on the work of Fare et. al. (1994) and Coelli et. al.(1998) and Raheman et al (2008) . We have used the DEA-Malmquist Index to calculate the total factor productivity growth of sugar firms listed at Karachi stock exchange where each firm in the sugar industry is a Decision Making Unit (DMU). The Malmquist TFP Index measures changes in total output relative to input. This idea was developed by a Swedish statistician Malmquist (1953) . This Malmquist productivity index can be decomposed into efficiency change, Technical change and total factor productivity growth. TFPG is geometric mean of efficiency change and technical change. We have used the DEAP software developed by Coelli (1996) to compute these indices. Following Fare et al. (1994) , the Malmquist outputorientated TFP change index between periods s(the base period) and period t (the subsequent period) is calculated as follows: declined. This productivity index can also be written in the following way. In the above model efficiency change (catching up effect) and a technical change (frontier effect) as measured by shift in a frontier over the same period. The catching up effect measures that a firm is how much close to the frontier by capturing extent of diffusion of technology or knowledge of technology use. On the other side, frontier effect measures the movement of frontier between two periods with regard to rate of technology adoption. In DEA-Malmquist TFP Index does not assume all the firms are efficient therefore, any firm can be performing less than the efficient frontier. In this methodology, we will use the output oriented analysis because most of the firms and sectors have their objectives to maximize output in the form of revenue or profit.
Input and Output Variables
Data Envelopment Analysis (DEA) approach can be applied to revenue producing firms. This can be done by converting the financial performance measures to the firm's technical efficiency equivalents. While using input and output variables, we have followed the methodology of Raheman et al (2008) which is also based on Feroz et. al. This process of measuring financial performance indicators can be converted into output and input variables. Where, sales revenue can be used as output variable while cost of goods sold, operating expenses, total assets and shareholder's equity as input variables.
The above methodology helps us to logically convert performance ratios into efficiency.
In this way long term resources total assets and equity and short term resources cost of goods sold and operating expenses are used to produce output in the form of sales revenue.
Data
This study covers twenty major sugar manufacturing firms listed at Karachi Stock 
Results and Discussion
The TFP Index technique is used to construct a grand frontier based on the data from twenty sugar mills. Each firm is compared to the frontier. Technical efficiency is how much closer a firm gets to the grand frontier and how much this grand frontier shift at each firm observed input mix is called technical change.
We have calculated Malmquist total factor productivity and efficiency change, technical change, pure technical efficiency and scale change component for all the sugar firms in the sample.
Total Factor Productivity Growth in Sugar Sector
In Table 4 , the bottom line shows that sugar industry experienced an overall negative TFP growth of -0.1% during 1998-2007 which is insignificant. It means that during the study period there is no substantial increase or decrease in the total factor productivity growth. The analysis of sugar mills revealed that seven out of twenty mills enjoyed positive TFP growth. The overall TFP growth is insignificant because the decline in technical efficiency by 0.8% is offset by a same percentage increase in the technical change. The overall technical change in 11 out of 20 firms is more than 1. Technical efficiency change is the result of pure technical efficiency change and scale efficiency change. With regards to pure efficiency change, it is one or more than one in most of the firms but overall the pure efficiency of sugar industry declined by 0.7%. In case of Scale efficiency change, value close to unity shows that most of the industries are operating at optimum scale but again the scale efficiency of sugar industry declined by 0.5%.
Therefore, both Scale efficiency and pure technical efficiency have contributed to the decline in efficiency change. These above results show an overall picture of TFP growth, efficiency change and technical change for the sugar industry. For firm level analysis, these measures of productivity need to be analyzed at firm level during period 1998 to 2007.
Total Factor Productivity Growth
The comparative results of individual firms in terms of productivity for each year during 1998-2007 are presented in table 6 (Appendix), which explains the total factor productivity change for all firms on yearly basis and provides a comprehensive understanding about the performance of different firms.
In In terms of total factor productivity change, Shakarganj sugar mill has relatively more stable results. In this firm TFP change in seven out of nine years is greater than unity.
Due to this reason, this sectors topped in ranking in terms of total factor productivity. As discussed earlier year 2006-07 was the most crucial year for most of the firms where TFP declined for fourteen firms in the sample. If we exclude this year from our analysis, the overall TFP growth for the manufacturing sector would increase to 0.53% which is now -0.1% including year 2007. The Frontier sugar mill is the worst performer in terms of TFP growth followed by the Thal industries corporation limited which has negative TFP growth for six out of nine years.
The total factor productivity growth has been decomposed into technical efficiency change also called managerial efficiency and technical (technological adoption) change.
These two sources of productivity are presented in the next section.
Technical Efficiency Growth
Technical efficiency change can make use of existing input to produce more of same product. As one gets more experience in producing some product, it becomes more and more efficient in it. In order to understand the contribution made by technical efficiency in the productivity growth, a firm-wise technical efficiency movement is presented in Table 7 (Appendix).
In general, these results suggest that technical efficiency is an important contributor in dampening the total factor productivity growth of the sugar industry. The average efficiency change for eight mills is less than one while for nine firms it is equal to one which means there is no change in the managerial efficiency during study period for these 
Technology Adoption
The second important source of total factor productivity growth is the change in the technology. As Squires and Reid (2004) expressed that technological change is the development of new technologies or new products to improve and shift production frontier upward. Further, increase of 76.6% is the maximum increase in any mill in a year during period 1998 to 2007. Table 9 (Appendix) presents the ranking of all sugar firms in terms of total factor productivity growth, technical efficiency change and technical change. According to the ranking, Shakarganj mills limited is top in ranking according to TFP growth and technical change while at number three according to efficiency change. Mirpurkhas sugar mill is although next in ranking according to TFP growth and technical change but at number thirteen according to managerial efficiency change. Similar type of ranking is for the Sind Abadgar sugar mill which is at number three in ranking as per TFP growth and technical change but at number eleven according to efficiency change. This indicates that technical change is the major factor which affects the total factor productivity growth for the sugar firms. The Frontier sugar mills and distillery limited is the laggard firm according to efficiency change and technical change. The other laggard firm is The Thal Industries
Corporation limited according to TFP growth and technical change but highest in ranking according to efficiency change. This also indicates that for sugar firms technical change is the major source of total factor productivity.
Conclusion
Research on productivity growth is very important because economic growth cannot be sustainable without improvement in the Total Factor Productivity. From a policy point of view, the assessment of TFP growth is important as it serves as a guide for resource allocation and investment decisions. This paper applied DEA approach to estimate the total factor productivity growth, technical efficiency change and technological progress in Pakistan's sugar industry using panel data for twenty sugar firms from 1998 to 2007.
Malmquist productivity index was used to measure the productivity growth. Following Fare et. al. (1994) 
